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Description 



A SEMICONDUCTOR TEST AND BURN-IN 
APPARATUS PROVIDED WITH A HIGH 
CURRENT POWER CONNECTOR FOR 
COMBINING POWER PLANES 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] The present invention relates generally to semi-conductor 
module test apparatus using so called burn-in boards. 
More particularly, the present invention is directed to a 
high current, open/short power connector especially use- 
ful with such semiconductor module test and burn-in ap- 
paratus. An apparatus provided with the high power, 
open/short connector of the present invention can easily 
couple selected devices on the burn-in-board to signifi- 
cantly higher power levels. 

[0003] BACKGROUND OF THE INVENTION 

[0004] As is well known to the art, integrated circuits modules 



have a number of signal interface points or pins, herein 
after referred to as input/output pins, that are used to 
transfer data, in the form of electrical signals, into or out 
of the integrated circuits modules. During operation a se- 
lect number of these pins are used to introduce the nec- 
essary functions such as the circuit clocks, test modes, 
test control data, and etc. to the integrated circuit while 
other signal interface pins are used to transfer data into 
and out of the data storage circuits contained in the inte- 
grated circuit. These pins are arranged in a particular pat- 
tern called a footprint. 
[0005] one test operation required during the manufacture of 
such modules is the so called burn-in test performed by 
placing the modules to be tested on burn-in-boards (BIBs) 
and powering up the modules while simultaneously heat- 
ing the burn-in-boards in an oven. Typically the oven are 
designed to accommodate sixteen to thirty-two burn- 
in-boards. Each burn-in-board is typically comprised of a 
board having a plurality of sockets or power planes. Each 
such socket is adapted to accept therein the footprint of 
the module to be tested. Each such socket or power plane 
is thus designed to accommodate a specific type of semi- 
conductor integrated circuit and each burn-in-board is 



designed such that when it is placed in the burn-in oven 
each socket or power plane is electrically connected to 
suitable signal lines and power sources such each module 
on the burn-in-board can be properly energized. 
Presently, many semiconductor modules having a particu- 
lar footprint are tested in these burn-in boards and draw 
less than 75 amperes of current from the power sources 
during this burn-in process. Other modules having the 
same footprint will require a current draw in excess of 75 
amperes. Because of the operating characteristics of the 
burn-in ovens, if a module being tested exceeds the 75 
amperes draw they will be considered failures due to over 
current conditions even though they are not failures. For 
this reason the higher current drawing modules cannot 
use the same power planes as the lower current drawing 
modules and vice versa. Thus, at present, each type of 
module depending on its current draw requires its own 
burn-in-board. For this reason the prior art required a 
multiplicity of burn-in-boards for each board was de- 
signed to accommodate a specific module and current 
draw. Thus a large number of burn-in-boards is required 
and this multiplicity of boards results in increased capital 
costs as well as costs due to the need for storage space 



and maintenance for the additional boards. All of these 
factors increase the cost of testing the modules. Further 
there is always a possibility that the wrong power plane 
could be used resulting in erroneous results which require 
either retesting or scrapping of the modules so tested. 
Thus there are compelling economic reasons to be able to 
easily convert a burn-in-boards power plane current car- 
rying capacity to different levels. 
[0006] Accordingly the present invention is designed to circum- 
vent these difficulties and does so by providing each 
burn-in-board with a means for altering the applied cur- 
rent levels of selected ones of the power planes between 
current desired levels. 
Summary of Invention 

[0007] The present invention is directed to a novel burn- 
in-board provided with power planes for testing semicon- 
ductor devices, in which current connection means are se- 
lectively placed between the power planes for altering the 
current carrying levels of selected ones of the power 
planes. 

[0008] initially this is achieved by coupling together selected 

pairs of the power inputs of selected planes such that one 
of the selected power planes can be coupled with another 



to provide twice the power level for which the power plan 
was intended to be operated. In a first embodiment, the 
present inventors accomplished this by mounting fixed 
connectors between selected pairs of the power planes. In 
a second embodiment a unique split connector is 
mounted between selected pairs of the power planes. 
[0009] These objects, features and advantages of the present in- 
vention will be become further apparent to those skilled in 
the art from the following detailed description taken in 
conjunction with the accompanying drawings wherein: 
Brief Description of Drawings 

[0010] pig. 1 is a schematic view of a typical prior art burn-in 
board; 

[° 01 1 ] Fig. 2 is a top view of the power inputs of a typical prior 

art burn-in board; 
[0012] pig. 3 is a top view of the power inputs of the burn-in 

board of Fig. 2 having a fixed power connector or jumper 

of the present invention installed; 
[0013] Fig. 4 is a top view of the power inputs of the burn-in 

board of Fig. 2 having the unique split high power, open/ 

short connector of the present invention installed but left 

in its open condition; 
[0014] Fig. 5 is a top view of the base element of the split, high 



power, open/short connector of the present invention 
shown in Fig. 4; 

[0015] pig. 6 is a exploded, longitudinal, cross-sectional view of 

the split, high power, open/short connector assembly of 

Fig. 5 provided with an insulating spacer; 
[0016] pig. 7 is a side view of the insulating spacer of the split, 

insulated, high power open/short connector shown in Fig. 

6 taken transverse to the view of the spacer shown in Fig. 

6; and 

[001 7] Fig. 8 is a top view of the power inputs of the burn-in 

board of Fig. 2 having the unique split high power, open/ 
short connector of the present invention installed and 
placed in its shorted condition. 
Detailed Description 

[0018] Referring now to Figs. 1 through 7 the present invention 
will be described in detail. 

[0019] Fig. 1 is a schematic view of a typical prior art burn-in 
board (BIB) and comprises a burn-in board 10 that typi- 
cally has eight semiconductor module sockets or 
planes, 11A, 11B, 11C, 11D, HE, 11F, 11G, and 11H 
Thereon. Each semiconductor module socket or 
plane, HA, 11B, 11C, 11D, HE, 11F, 11G, and 11H is 
coupled to a respective external power source 14A, 14B, 



14C, 14D, 14E, 14F, 14G, and 14H via a respective power 
cable 15A, 15B, 15C, 15D, 15E, 15F, 15G, and 15H, a re- 
spective power coupling contact or plate 17A, 17B, 17C, 
17D, 17E, 17F, 17G, and 17H and a respective external 
power cable 16A, 16B, 16C, 16D, 16E, 16F, 16G, and 16H. 
Each semiconductor module socket or plane, 11A, 11B, 
11C, 11D, HE, 11F, 11G, and 11H is also coupled to a re- 
spective ground coupling contact 19A, 19B, 19C, 19D, 
19E, 19F, 19G, and 19H via a respective cable 18A, 18B, 
18C, 18D, 18E, 18F, 18G, and 18H and to an external 
ground contact 21 via an external cable 22A, 22B, 22C, 
22D, 22E, 22F, 22G, and 22H. Each socket or plane 11 is 
also coupled to a plurality of additional control and signal 
lines (not shown). For example, as shown Fig. 1, plane 
HA is coupled to an external current source 14A via a 
power line 15A, coupling point 17A and external cable 
16A and to ground 21A via a ground line 18A, a ground 
line coupling point 19A and an external cable 22A. The 
other planes 11B,11C, 11D, HE, 11F, 11G, and 11H are 
similarly coupled to their respective current sources and 
ground contacts. Thus plane 11B is coupled to an external 
current source 14B via a power line 15B, coupling point 
17B and external cable 16B and to ground 21 via a ground 



line 18B, a ground line coupling point 19A and an external 
cable 22A; plane 11C is coupled to an external current 
source 14C via a power line 15C, coupling point 17C and 
external cable 16C and to ground 21 via a ground line 
18C, a ground line coupling point 19C and an external ca- 
ble 22C; plane 11D is coupled to an external current 
source 14D via a power line 15D, coupling point 17D and 
external cable 16D and to ground 21 via a ground line 
18D, a ground line coupling point 19D and an external 
cable 22D; plane HE is coupled to an external current 
source 14E via a power line 15E, coupling point 17E and 
external cable 16E and to ground 21 via a ground line 
18E, a ground line coupling point 19E and an external ca- 
ble 22E; plane 11F is coupled to an external current 
source 14F via a power line 15F, coupling point 17F and 
external cable 16F and to ground 21 via a ground line 
18F, a ground line coupling point 19F and an external ca- 
ble 22F; plane 11G is coupled to an external current 
source 14G via a power line 15C, coupling point 17G and 
external cable 16G and to ground 21 via a ground line 
18G, a ground line coupling point 19G and an external 
cable 22G; and plane 11H is coupled to an external cur- 
rent source 14H via a power line 15H, coupling point 17H 



and external cable 16H and to ground 21 via a ground 
line 18H, a ground line coupling point 19H and an exter- 
nal cable 22H. 

[0020] Fig. 2 is an enlarged detailed partial top view of the exter- 
nal power lines 16A through 16H and external ground 
lines 22A through 22H and their respective coupling 
points 17A through and 19A through 19H as shown in Fig 
1. Each power plane 11 is connected the current source 
14 through a respective external power line 16 by secur- 
ing the respective external power line 16 to a respective 
current carrying power point 17. This is accomplished by 
providing each current carrying point 17 with a threaded 
stud or bolt 23 and securing the external line 16 to the 
current carrying power point by threading a nut onto the 
bolt 23. Each plane is similarly coupled to a respective 
ground line coupling point by a similar, bolt 25 and nut 
26 arrangement. 

[0021] Specifically, current carrying coupling points 17A, 17B, 
17C, 17D, 17E, 17F, 17G, and 17H are bolted to respec- 
tive power input lines 16A, 16b, 16C, 16D, 16E, 16F, 16G, 
and 16H via a lug 19 affixed to the end of each input line 
16A, 16b, 16C, 16D, 16E, 16F, 16G, and 16H by a respec- 
tive nut 23 and bolt 24 and the ground line coupling 



pointsl9A, 19B, 19C, 19D, 19E, 19F, 19G, and 19H are 
secured to the ground contacts 21 via a lug 27 affixed to 
the end of each cable 22 and a nut and a bolt. 

[0022] such burn-in boards are currently commercially available, 
from sources such as the Micro-Control Company of Min- 
neapolis, Minnesota and sold under the designation HPB- 
2. Thus their use is well known to the art and further de- 
scription of such boards is believed to be unnecessary. 

[0023] | n the standard prior art burn-in boards each respective 
external power cable 16A, 16B, 16C, 16D, 16E, 16F, 16G, 
and 16H supplies only 75 amps to each respective plane 
or socket disposed thereon. However, as above discussed, 
this current level can be inadequate for some of the de- 
sired tests or modules and a higher current level was 
needed to properly test the modules. 

[0024] The present invention resolves the above described prob- 
lem by altering the burn in boards so that modules in- 
serted in selected ones of the power planes can be oper- 
ated above 75 amps but less than 150 amps. The present 
invention does this by selectively altering selected con- 
nections on the burn-in boards to permit selected one of 
the power planes to operate modules placed thereon to 
operate a power levels twice that normally permitted. 



[0025] The first embodiment of the present invention is espe- 
cially shown in Fig. 3 and depicts a top view of the power 
inputs of the Burn-in board of Fig. 2 in which pairs of ad- 
jacent external power cables are interconnected by a fixed 
power connectors 27. The fixed power connector 27 of 
this invention is formed of a conductive material, such as 
copper, from flat stock that has a nominal thickness of 
0.125 inches, a length of 1.65 inches and a width of 0.72 
inches. These particular dimensions are for a connector to 
be used with the HPB-2 boards and HPB- 2 ovens built by 
the Micro-Control Company of Minneapolis, Minnesota. 
Accordingly the connector is designed .to span the dis- 
tance between adjacent bolts 23 securing the cables 20 to 
the coupling plates or contacts 17 and holes 32, 0.25 
inches in diameter, are formed 0.25 inches from each end 
of this base plate 35 at a point such the holes 32 will align 
with adjacent bolts 23. It should be understood that other 
boards and/or ovens built by either the same manufac- 
turer or an another manufacturer may require different di- 
mensions. 

[0026] Thus as shown in Fig. 3 connector 27A is secured on the 
bolts 23A and 23B to interconnect cables 16A and 16B. 
Similarly the connector 27B is secured on the bolts 23C 



and 23D to interconnect cables 16C and 16D, connector 
27C is secured on the bolts 23E and 23F to interconnect 
cables 16E and 16F and connector 27D is secured on the 
bolts 23G and 23H to interconnect cables 16G and 16G. 

[0027] when the cables are provided with such connectors mod- 
ules mounted on planes 11A, 11C, 11F and 11H can be 
operated up to supply 150 amps to modules inserted 
therein. If the modules inserted in planes 11A, 11C, 11F 
and 11H are expected to operate so as to draw up to 150 
amps, the remaining planes 11B, 11D, HE and 11G 
should not be used. In this way one half of the planes on a 
burn-in-board can be used to test modules at current 
levels up to to least twice that at for which the board was 
initially designed. 

[0028] Although it is preferred that both sets of planes, i.e., 

planes HA, 11C, 11F and 11H and planes 11B, 11D, HE 
and 11G, not be loaded with modules simultaneously, it 
should be noted that in some instances both sets of 
planes, i.e., planes HA, 11C, 11F and 11H and planes 
11B, 11D, HE and 11G, can have modules simultaneously 
inserted therein. In such a case it is necessary that the 
combined current draw of the modules inserted in each 
pair of coupled planes not exceed 150 Amps. This can be 



the case even when one of the paired modules exceeds 75 
amps. For example if plane 11A has a module therein that 
draws 85 amps and its coupled plane 11B has a module 
therein that draws less than 65 amps both modules can 
be simultaneously treated on the same burn-in-board. 
[0029] However the above process of converting such a burn- 
in-board to such coupled pairing as above described, al- 
though operable, required a time consuming install oper- 
ation and once converted the burn-in-board could not be 
returned to its previous condition unless the install opera- 
tion was reversed and the fixed connectors were removed. 
Since the conversion of just one eight plane burn-in board 
from a 75 ampere operation to a 150 ampere operation 
using the above fixed connectors required up to fifteen 
minutes, the conversion of sufficient boards for the 
smaller 16 board ovens requires three hours and any re- 
versal to 75 amperes from 150 amperes required the 
same amount of time. For a larger thirty-two board oven 
such conversions requires twice as much time. Thus the 
use of such fixed connectors, although operable, required 
excessive conversion times during which both the burn- 
in-boards and the ovens remained inoperable. Thus al- 
though some economic advantage was realized it was 



marginal for the labor costs required for the conversions 
was significant. 

[0030] Although the insertion of such fixed connectors and 

solved the problem, this process required time consuming 
install and/or removal operations that minimized the eco- 
nomic advantage realized by the conversion. 

[0031] The present inventors persisted however and found that 
the desirable result of converting the burn-in-board to 
dual current uses could be inexpensively realized and the 
conversion time reduced from between twelve and fifteen 
minutes per board to less than one minute per board. This 
increased time advantage was achieved through the use of 
a plurality of unique split connectors of the second em- 
bodiment of the present invention which once installed 
need never be removed yet but can be swiftly altered 
thereby permitting selected ones of the power planes to 
quickly and easily be joined or separated to alter the ap- 
plied current levels from either 75 amperes to 150 am- 
peres or from 150 amperes back to 75 amperes. 

[0032] Accordingly the inventors achieved such a result by creat- 
ing and using a high power, open/short connector as 
shown in Figs. 4, 5, 6, and 7 in place of the fixed connec- 
tor shown in Fig. 3. As shown in Figs. 4, 5, 6, and 7, the 



high power, open/short connector 30 of the present in- 
vention is again formed of a conductive material, such as 
copper, from a piece or strip of flat stock that has a nomi- 
nal thickness of 0.125 inches, a length of 1.65 inches and 
a width of 0.72 inches. Again, these particular dimensions 
are for a connector to be used with theboards and HPB- 2 
ovens built by the Micro-Control Company of Minneapolis, 
Minnesota, and the high power, open/short connector is 
designed to span the distance between adjacent bolts 23a 
and 23B, 23c and 23d, 23e and 23F and 23g and 23h 
such that a high power, open/short connector can be con- 
nected between respective adjacent cables. As shown in 
Fig. 4 a high power, open/short connector 30 of the 
present invention respectively secures the cable 16A to 
the cable 16B, the cable 16C to the cable 16D, the cable 
16E to the cable 16 F and the cable 16C to the cable 16H. 
To do so apertures, such as holes, 32, of a diameter to fit 
over the bolts 23, are formed at each end of the base 
plate 30. Specifically, it is preferred that holes be used 
and be located 0.25 inches from each end of this base 
plate 30 at a point such the bolts 23, on adjacent power 
coupling plates 24, will be will aligned with and pass 
through the holes 32. Of course other apertures, such as 



notches in opposite ends of the strip can be used. A re- 
cess or trench 0.063 deep and 0.625 long is formed in the 
center of the lower surface of the base plate 30. A 
threaded vertical stud 33 having a circular cross section 
0.250 in diameter is then secured to center of the base 
plate 30. The unit, now consisting of the base plate 30 
and the vertical stud 33 carried thereby, is now sawn 
transverse, or across the width of the base plate and ver- 
tically through the center of the stud, to divide both the 
base plate and the stud carried thereon into two substan- 
tially equal parts. This accomplished by using a saw blade 
that will leave a kerf normally about 0.100 inches in width 
to form substantially mating base plate units 30A and 30B 
each of which carries a respective vertical mating stud 
portion 33A and 33B. Once separated the base plate units 
30A and 30B and the respective mating stud portions 33A 
and 33B carried thereon can be mated and aligned by po- 
sitioning then on an insulating inverted "T" shaped spacer 
35. This spacer 35 is formed from any suitable insulating 
medium or material, for example, a phenolic material and 
is inserted between the two base halves 30A and 30B and 
the two stud halves 33A and 33B. The spacer 35 is espe- 
cially shown in Figs. 6 and 7 and its base is comprised of 



a "U" shaped channel provided with a vertical center fin 
39. The channel 36 is 0.625 inches long, 0.820 wide and 
0.0625 inches thick and provided with longitudinal side 
flanges 37 and 38 that are .01000 inches high and 0.050 
inches wide so as to accurately position the opposing 
base units 30A and 30 B. The fin 39 is centrally and verti- 
cally positioned on the base. The fin 39 is of a width iden- 
tical to the original diameter of the stud 33 and of a 
thickness identical to the thickness of the saw used to cut 
the base 30 and the stud 33 in half. This done so that 
when the base units 30A and 30B are positioned properly 
in the "U" shaped channel 38 on either side of the fin 39 
each base unit 30A and 30B and the respective stud por- 
tion 33A and 33B carried thereon will be aligned with but 
held in electrically isolation from the other by the spacer 
35 and its fin 39. The fin 39 not only restores the stud to 
its original dimension but also causes any threads on the 
stud portions 33A and 33B to mate with one another. In 
this way the rejoined stud is realigned to its original 
thread diameter and thread configuration. It should be 
understood that burn-in boards and/or ovens made by 
other manufacturers may require dimensions different 
from those above described. 



[0033] when the separate halves of each high power, open/short 
connector, of the present invention, are so mounted on 
the spacer 35 a coupling device such as a nut 40 can be 
placed on the rejoined stud 33 and the connector can be 
mounted between selected pairs of the coupling plates 
17. Once mounted between the selected pairs of coupling 
plates the nut 40 can be removed and each half of the 
connection is again electrically isolated from the other 
half. Because the two halves of the open short connector 
are so isolated from each other, each plane 11A, 11B, 
11C, lid, HE, 11F, 11G, and 11H remains operable at 75 
amperes and modules can be placed on each plane and be 
tested up to 75 amperes. It should be understood that the 
width of the saw used to cut the base 30 and stud 33 in 
half must be such that when the spacer 35 is inserted 
there between the thickness and insulating properties 
must be sufficient to prevent the applied voltages and 
currents. However, when 150 ampere devices are to be 
tested, the coupling device, e.g., nut 40, having internal 
threads mating to the external treads on the rejoined stud 
33, is threaded onto each split, insulated and rejoined 
stud, the insulation between the halves is bridged by the 
nut threaded thereon and the halves become electrically 



interconnected electrically interconnecting the adjacent 
cables bridged by the open/short connector of the 
present invention. When so connected or ganged either 
one of the now connected planes can provide up to 150 
amps to a module inserted in one of the planes. Thus, as 
shown in Fig. 8, when coupling nuts 40 are threaded on 
each of the respective studs, the respective halves 30A 
and 30B, 30C and 30D, 30E and 30H, and 30F and 30G of 
each high power, open/short connector 30 are electrically 
bridged and their associated cables are interconnected. 
Thus when the nut 40A bridges and shorts together the 
high power, open/short connector halves 30A and 30B, 
the cables 16A and 16B are also electrically intercon- 
nected. Similarly when the high power, open/short con- 
nector halves 30C and 30D are connected by a nut 40B 
the cables 16C and 16D are interconnected and when the 
high power, open/short connector halves 30E and 30F are 
connected by a nut 40C the cables 16E and 16F are inter- 
connected and the cables 16G and 16H are connected 
when the high power, open/short connector halves 30G 
and 30H have nut 40D secured thereon. 
[0034] when the above described cables are so interconnected by 
the placing of the nuts 40A, 40B 40C and 40D on the ap- 



propriate rejoined studs, modules mounted on planes 
11A, 11C, 11F and 11H can be operated up to 150 am- 
peres. In this way one half of the planes on a burn- 
in-board can be used to test modules at current levels 
higher than normal i.e., in the present example higher 
than 75 amps. To reset the each of the ganged or com- 
bined pairs of planes to 75 ampere operation all that is 
required is to remove each respective coupling nut 40 
from each of the high power, open/short connectors on 
which they were placed. Such removal takes less than one 
minute per burn-in-board. Thus once the high power, 
open/short connector of the present invention is initially 
installed on the burn-in-board the time need to switch 
the planes between different current levels is minimized 
resulting in a significant labor saving. 

[0035] However, as discussed above, when the planes are ganged 
or combined as above described they can all be populated 
with modules that are expected to draw Iessl50 amps in 
combination. In such a case all the planes 11A, 11B, 11C, 
11D, HE, 11F, 11G and 11H can be used. 

[0036] Although it is preferred to form the openings 31 and 32 
offset to one side of the connector in order to identify the 
right and left hand sides of the open/short connector of 



the present invention other means to so identify the sepa- 
rate halves. Further by assuring the thread created on 
each stud 33 is always started on each stud at the same 
point and cut in the same position by a saw of the same 
thickness, the left side of the open/short connector, of 
the present invention, will always mate with the right side 
of any open/short connector of the present invention and 
means that exact matching of left and right sides is not 
necessary and assures that any right hand side 30A can 
be accurately joined to any left hand side 30B by any nut 
40. 

[0037] it has also been determined that if the nuts 40 is provided 
with a slight amount of thread relief 41 at the lower edge 
of the nut better electrical contact is assured between the 
nut 40 and right and left stud portions 30A and 30B. Such 
thread relief is realized by under cutting or removing the 
thread at the lower edge of the nut as shown in Fig. 6. 

[0038] it should be further understood that the stud portions 

need not be circular, in cros section or threaded but can, 
for example, be tapered or otherwise shaped such that a 
suitable coupling device can be placed thereon to create 
an electrical short between the stud portions 30A and 
30B.the stud need not be threaded but can, for example, 



be shaped such that a suitable coupling device can be 
used to electrically short the rejoined stud portions. 

[0039] other alternate features and solutions will now become 
obvious to one skilled in the art after review of the 
present invention. 

[0040] This completes the description of the preferred embodi- 
ment of the invention. Since changes may be made in the 
above construction without departing from the scope of 
the invention described herein, it is intended that all the 
matter contained in the above description or shown in the 
accompanying drawings shall be interpreted in as illustra- 
tive and not in a limiting sense. Thus other alternatives 
and modifications will now become apparent to those 
skilled in the art without departing from the spirit and 
scope of the invention as set forth in the following claims. 



